at particular positions and times during ontogeny (Barthélémy and Caraglio, 2007) . This has Pinus halepensis (Barthélémy and Caraglio, 2007) or for flower buds along axes in different Fruit were sorted by different parts of each tree considering whether they were subjected or 1 9 9 not to leaf or fruit removal. All the fruit were collected on each tree except for the treatment 2 0 0 performed at the shoot scale for which fruit were collected on two branches per tree, only.
0 1
Then, each set of fruit was weighted and the mean fruit weight was estimated as the ratio of 2 0 2 the total fruit weight to the number of fruit. and non-fruiting parts of the trees with fruit removal treatments. Three measurements were 2 1 0 performed for each tree and condition (fruit or leaf presence/absence). Measurements were 2 1 1 done between 8 and 12 am, with a infra-red gas analyzer (LI-6400, LICOR, Lincoln, 2 1 2 Nebraska, USA) under controlled conditions within the growth chamber known to be non- limiting for photosynthesis (Massonnet et al., 2007) (photosynthetic photon flux density = 2 1 4 1800 µmol −2 s −1 , relative humidity = RH = 70%, CO 2 = 400ppm, T = 25°C). After each photosynthesis measurement, the leaf, the entire annual shoot (called stem)
on which the leaf was located, the SAM of this shoot and a 5 cm section of the one-year-old 2 1 7
wood supporting it were sampled for measuring their NSC content. Three replicates of all 2 1 8 these organs were sampled on each tree and for each condition (fruit or leaf 2 1 9
presence/absence). Samples were placed immediately in liquid nitrogen and stored at -20°C
for about one week. Then, they were freeze-dried and grinded to fine powders using a ball 2 2 1 grinder. Starch concentrations were then determined for all the organs. In SAM, glucose,
fructose, sorbitol and sucrose concentrations were also evaluated. All these analyses were 2 2 3 performed following the protocol described in Pallas et al., (2018) . GA content measurements, were performed on SAM collected on 31 May 2017 (58 DAFB), i.e. at the expected date of FI in short shoots (Foster et al., 2003) . SAM were sampled on short
to medium shoots that had recently stopped growing and did not formed protecting scars yet. SAM were collected on ON and OFF control trees, on trees subjected to fruit or leaf removal 2 3 0 on half of the branches and on trees subjected to fruit removal on one side of Y-shape trees.
3 1
Nine SAM were collected on each part of the trees (foliated/defoliated, fruiting/non-fruiting)
and were gathered together for each tree. All samples were conserved at -80°C before being Institute for Plant Molecular and Cell Biology (IBMCP), Valencia, Spain.
3 5
Fourteen GA forms produced in the two GAs biosynthesis pathways regulated by the
activities of GA20-oxidases (GA20ox), GA3-oxidases (GA3ox) and GA2-oxidases (GA2ox) 2 3 7
were investigated (Supplementary material figure S1 ). They include bio-active forms (GAs 4 2 3 8
and 1), degradation forms (GAs 51, 34, 29 and 8) and intermediate forms (GAs 12, 15, 24, 53,  All statistical analyses were performed with R software (R Development Core team, 2013).
4 3
We investigated the effects of the combination of (i) the tree crop load status (ON or OFF 2 4 4 trees), (ii) the tree treatment (control, leaf removal, and fruit removal), (iii) the scale (tree,
shoot, branch, and one side of the Y-shape tree) at which treatments were performed and (iv) comparison. Linear models were used for continuous variables and a general linear model of
the binomial family was used for FI proportion. For GA and due to the low number of replicates (one per tree and condition), the effect of fruit presence/absence was also tested and 2017 was used to fit a relationship between the tree crop load and the FI proportion weight over different crop loads were used to test the treatment effects under comparable crop 2 6 0 load conditions. As for raw variables, treatment effects on residuals were assessed by a one-
way ANOVA followed by a Tukey HSD test. Floral induction in SAM occurs after treatment onset.
The complete fruit removal performed sequentially in springs 2016 and 2017 on a subset of 2 7 9
ON trees allowed evaluating the date after which the inhibition of FI by fruit presence was no Figure S2 ).
9 4
Leaf removal did not impact FI on ON trees, with values close to zero on both foliated
and defoliated parts, whatever the scale at which leaf removal was performed ( Figure 2 , right 2 9 6 side). In the foliated parts of the defoliated OFF trees FI proportion was similar to the control 2 9 7
OFF trees (between 0.9 and 1, Figure 2 , left side). In contrast, a strong and significant (-6% and -10% for 2017 and 2018 respectively) of trees subjected to leaf removal at the shoot proportion increased in non-fruiting parts compared to the fruiting ones when the distances to 3 0 9 the remaining fruit increased. In 2018, the increase in FI proportion between fruiting and non 3 1 0 fruiting parts was equal to 50.1% for Y-shape trees while it only reached 29% when fruit
removal was performed at the shoot scale. material Figure S2 ) were used to analyze the treatment effects with respect to the values
predicted for trees under similar crop load (Table 3 ). This analysis allowed us to inspect the 1 4 effect of fruit removal treatments that directly modified the tree crop load. After fruit removal
treatments, the residuals of FI proportion in spring 2017 and 2018 were significantly lower in
the fruiting parts of the trees than the values predicted under similar crop load (Table 3) proportion in the fruiting and non-fruiting parts was significantly higher than the predicted
values for trees with similar crop load when fruit removal was performed at the shoot scale. Both together these results suggested that FI could be directly driven by the crop load at the 3 2 2 tree scale but only when fruit load distribution within the tree is homogeneous (after fruit
removal at the shoot scale). Mean fruit weight is affected by distances between leaves and fruit
The general trend of mean fruit weight over crop loads, for the additional control trees over with highest mean fruit weights equal to around 0.25kg and lowest ones to 0.08kg. As for FI, mean fruit weight depended on the distances to remaining leaves in trees Shape trees, respectively compared to the foliated parts. Conversely, this decrease was no 3 3 3 longer significant (equal to 2%) when defoliation was performed at the shoot scale. In both foliated and defoliated parts of these trees (defoliation at the shoot scale), mean fruit weight mean fruit weight compared to control ON trees. Nevertheless, this increase was higher when 3 3 7
fruit removal was performed at the branch scale or on one side of Y-Shape trees than after 3 3 8
fruit removal at the shoot scale. The analysis of residuals to relationship between crop load and mean fruit weight whatever the distances to the fruit. affected starch concentration in leaves, stem and wood but had no effect on starch trees, no impact of defoliation treatments was observed on starch concentrations in SAM, concentration were found in the SAM, stems and wood when comparing the leafy parts to regardless of the distances to the remaining leaves since no difference was observed between than in the fruiting parts of defoliated shoot, branch and one side of the Y-shape tree 3 6 8 treatments ( Figure 5D ). No clear impact of the distances to the remaining fruit was observed 3 6 9 on starch concentrations in wood, as the decrease in starch content were similar whatever the
scale at which fruit removal was performed.
Regarding, the soluble sugars content (sorbitol, sucrose, fructose and glucose) in SAM SAM were observed on sorbitol concentration, only after leaf removal treatments on both OFF and ON trees. 
GA9 (precursor of active form) and GA1 (active form) decrease in fruit presence
In the early-13-hydroxylating pathway (supplementary material Figures S5 and S6 ), three forms were found in abundance (Table 4) : GA44 (inactive form), GA1 (active form), and were found for GA9 (Table 4) which is the last inactive form before GA4 synthesis. material Figure S6 ). Nevertheless, differences were significant between SAM from fruiting 3 8 4
and non-fruiting parts of trees. GA9 concentration was significantly higher in the SAM of trees (gathering control ON trees, fruiting branches and sides of Y-shape trees) (Table 4) .
Even though not significant, higher concentration was observed in the non-fruiting side of the 3 8 9
Y-shape tree than in the non-fruiting branches, suggesting a possible effect of distances to the 3 9 0 remaining fruit. In addition, a slightly higher but non-significant GA1 concentration was
observed in the SAM of non-fruiting parts of the trees than in the fruiting ones. Conversely,
GA8 concentration was higher in control ON than in control OFF trees and in fruiting than in
non-fruiting branches when fruit removal was performed on half of the branches.
Nevertheless, no difference between fruiting and non-fruiting branches was observed for the 3 9 5
Y-Shape trees. Finally, leaf removal did not influence any GA concentration. and carbohydrate availability in SAM.
Other possible effects of leaf removal independently of the carbon production and 4 1 1 primary metabolism (here analyzed through NSC and starch content) could be implicated. shape trees (supplementary material Figure S5 ). Nevertheless, no difference in GA4 4 2 4
concentrations was found in SAM between fruiting and non-fruiting conditions. In addition,
in the hydroxylating pathway, GA1 was slightly higher in non-fruiting tree parts and in OFF trees (supplementary material Figure S5 ) whereas GA8 slightly accumulated in fruit presence.
2 7
Altogether these results are consistent with the down-regulation of MdGA2ox transcripts in that the last steps of GA catabolism could be less active in absence of fruit (conversely more
active in presence of fruit). Therefore, the putative role of GA on controlling FI is supported 4 3 1
by our results and previous findings even though their inhibitory or activating effect remains 4 3 2 to be clarified. Moreover, further researches would be needed to investigate the ability of 4 3 3
GAs, likely produced by seeds (Dennis and Nitsch, 1966) , to directly act on SAM FI in the 4 3 4 apple tree. Response of floral induction and fruit growth to changing source-sink distances
In this study, leaf and fruit removal at different scales of plant organization allowed us to was observed between foliated and defoliated shoots and between fruiting and non-fruiting suggests that shoots can be considered as non-autonomous and prone to exchanges of
inhibiting/activating signals.
4
In contrast, leaf presence in the foliated parts of trees subjected to defoliation at the thaliana (Regnault et al., 2015) . Interestingly, the different GA forms issuing from the Fruit weight was also strongly affected by the distances to the remaining leaves after 4 6 0 leaf removal. As for FI, similar fruit weights were observed between neighboring leafy and 4 6 1 non-leafy shoots, when defoliations were performed at shoot scale. This is consistent with 4 6 2 previous studies on peach where non-fruiting shoots contributed to fruit growth in nearby 4 6 3 fruiting shoots (Walcroft et al., 2004) . Conversely, a strong decrease in fruit weight and starch Shape trees. This is in accordance with previous studies of carbon labeling on young walnut shading, leaf removal or girdling (Lacointe et al., 2004; Volpe et al., 2008) . These results are 4 6 9 also consistent with leaf removal effect on fruit growth and reserve accumulation in young 4 7 0 fuyu trees and mature Carpinus, Fagus and Tilia forest trees (Choi et al., 2003; Hoch, 2005) .
Conversely, long distance transport of carbohydrates was suggested by the results after 4 7 2 fruit removal. Indeed, mean fruit weight in the fruiting parts of trees subjected to fruit removal
was similar or even higher to that observed in control trees with a homogeneous crop load 4 7 4 (Table 3) . Moreover, starch concentration in stems and leaves of non-fruiting parts of ON trees ( Figure 5D ) was lower than that observed in OFF trees suggesting carbohydrate export
to the fruiting parts of the trees even at long distances to sustain fruit growth. Nevertheless, it
is noticeable that a part of the carbon excess produced in the non-fruiting parts was allocated
to the reserve organs. This confirms the major role of reserves as an active sink in perennial Our results shows that SAM floral induction is not directly associated to the tree carbon induction and fruit growth over years. The authors thank the AFEF team, SudExpé for technical support during experiments, UMR American Society for Horticultural Science 125, 93-99. of tree treatments, tree scale at which treatments were performed and conditions within the 
